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AgendaAgenda Item 7: Item 7: ReviewReview of Working Group C activities (Development of proposed SARPs for VHF of Working Group C activities (Development of proposed SARPs for VHF
data link)data link)

7.1 IINTRODUCTIONNTRODUCTION

7.1.1 Under this agenda item, the meeting reviewed the work carried out by Working Group C since
the AMCP/2 Meeting held from 23 November to 4 December 1992.

7.1.2 Those tasks were progressed by three working group meetings, namely WG-C/3 in
Oberpfaffenhofen, Germany in March 1993, WG-C/4 in Hammamet, Tunisia, the following September, and
finally WG-C/5 in Jeddah, Saudi Arabia, last January 1994.

7.1.3 The Rapporteur of WG-C was Mr. F. Tomasello (Italy).

7.2 TTECHNICAL FEATURES OF THE ECHNICAL FEATURES OF THE VDLVDL

7.2.1 Modulation schemesModulation schemes

7.2.1.1 During its activity WG-C confirmed that two modulation schemes, Mode 1 and Mode 2, will
be supported.

7.2.1.2 Mode 1Mode 1

7.2.1.3 Mode 1 will use minimum shift keying (MSK) in order to allow an early transition.  In fact, this
MSK is already in operational use today (e.g. ACARS) and may be implemented using present day airborne
VHF analogue radios.  It responds to the Standards currently prescribed by Annex 10, for instance the adjacent
channel interference (ACI) characteristics, but only allows a channel rate 2 400 bit/s, which means that systems
with a higher data rate will be more spectrum efficient.  Therefore Mode 1 will by very useful during the
transition, but cannot be proposed as the ultimate modulation scheme for VDL.

7.2.1.4 Mode 2Mode 2

7.2.1.5 After considering various options for VDL Mode 2, WG-C recommended that differential
8-phase shift keying (D8PSK) is the most appropriate modulation scheme.  It provides sufficient adjacent
channel interference (ACI) characteristics for the digital-on-digital case.  These, furthermore, can be improved
by increasing the linearity of the power amplifier.  The D8PSK modulation scheme has three bits per symbol,
with raised cosine " = 0.6 amplitude shaping with 10.5 kHz baud (symbol) rate, resulting in a channel rate
of 31.5 kbit/s.  The meeting was informed on further details of the modulation scheme and the adjacent channel
considerations.
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7.2.2 Common signalling channel (CSC)Common signalling channel (CSC)

7.2.2.1 Recommendation for a CSCRecommendation for a CSC

7.2.2.2 To avoid a systematic delay in link establishment, a world-wide common signalling channel
(CSC) is proposed to be used.  In this case, the airborne system will immediately tune to the CSC and receive,
via that channel, information on the frequencies to be used for link establishment (e.g. the same in areas of low
traffic, or one for ATSC and one for AOC in aircraft equipped with a dual channel radio, or one different from
that for the CSC, for both ATSC and AOC).  The meeting therefore concluded that a world-wide CSC is
necessary for the effective operation of VDL, which will have the frequency of 136.975 MHz, and would use
Mode 2 modulation scheme and carrier sense multiple access (CSMA) algorithm.  A recommendation on this
subject is contained in the report on Agenda Item 8 (Recommendation 8/3).

7.2.3 Message prioritiesMessage priorities

7.2.3.1 It is necessary to provide priority across the end-to-end connection which uses the VDL
subnetwork, to the various types of messages as per Art. 51 of ITU Radio Regulations and Annex 10.  The
ATN has fifteen levels of priority and performs all the required functionality to implement all required priorities.
To the extent that the system protocol layers above those handed by the VDL accommodate message priorities
appropriately, there may be little loss, if any, in priority service as a result of the chosen VDL channel access
scheme.  

7.2.3.2 If in future it will become a requirement to prioritize between data to be sent by different
aircraft at different priority levels, the media access control (MAC) management for all aircraft would need to
be centralized in the ground station, as is the case for the aeronautical mobile-satellite (R) service (AMS(R)S)
subnetwork.  However, the AMS(R)S subnetwork by its nature, where a single ground station offers access to
aircraft in an area covering up to approximately one third of the earth, is very different from the VDL
subnetwork, which instead requires line-of-sight, unobstructed communication contact, and hence a large
number of ground stations.  Centralized MAC management would require an overhead, in order to allow for
access requests and authorizations, and either inter-ground station communication or pre-confirmed assignment
of access slots to different ground stations.  Study would be required to identify whether the overhead and delay
involved in the centralized MAC management would, in the end, reduce the quality of service offered by the
subnetwork, to such an extent that the gain from prioritization would be negated.

7.2.4 Carrier sense multiple access (CSMA)Carrier sense multiple access (CSMA)

7.2.4.1 Working Group C agreed that:

a) CSMA may support “non-real time” applications in a timely and cost-effective way;

b) such applications (e.g. 4D profile negotiation) are most relevant in the CNS/ATM
system endorsed by the Tenth Air Navigation Conference;
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c) CSMA could even become in future the reversionary mode for the operation of VDL,
possibly in areas of the world where air traffic density is low to medium, VHF
aeronautical band not congested, but budget constraints are significant;

d) in addition, CSMA could constitute the back-up mode, in case of partial failure of the
future VDL system;

e) for the foreseeable future CSMA is needed anyway, to allow aircraft to access the system
through the CSC (common signalling channel), which is in part functionally similar to the
“P” channel in the AMSS subnetwork; and

f) in principle nothing would prohibit in future to have, if appropriate, different MAC
techniques and algorithms specified in the SARPs, similarly to the AMSS subnetwork,
which caters for P, R and T channels.

7.2.5 Enhanced MAC sublayerEnhanced MAC sublayer

7.2.5.1 A parameter had been defined in the link layer protocol for VDL, which shall contain a series
of bit fields to indicate which protocol options are supported by the transmitting station.  This parameter shall
be sent on link establishment only, and in it one octet is reserved for the parameter value.  This key feature will
allow, if appropriate and necessary, to easily include new enhancements or different options in the MAC
sublayer algorithm, in order to satisfy any potentially foreseen operational requirement for ATM, including
real-time digital voice transmission, on functionally independent channels for ATS applications, or periodic or
aperiodic short data messages for advanced ATM applications.

7.2.5.2 AMCP/3 therefore decided to insert the enhancement of the MAC layer in the work
programme of WG-C.

7.2.6 Impact on avionics of the VDL Draft SARPsImpact on avionics of the VDL Draft SARPs

7.2.6.1 It appeared to WG-C that more precise timers, with respect to CSMA, were the only
significant hardware features needed for MAC enhancement.  The other necessary modifications would affect
almost only the software.  This of course is in the case of a link optimized for data throughput.  If deterministic
prioritization within the subnetwork or digital voice will be included, more modifications are expected to be
necessary (e.g. vocoder, processing unit).

7.2.7 Ground connections and link management entity (LME)Ground connections and link management entity (LME)

7.2.7.1 ScenariosScenarios

7.2.7.2 In principle AMCP/3 acknowledged that among ICAO Contracting States, various and different
institutional solutions might be used to implement the ground infrastructure, necessary to support VDL.  The
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need to allow such flexibility had also been stressed by the FANS Committee and the Tenth Air Navigation
Conference.  In general, one of the following scenarios may describe the situation in each State:

a) only CAA-operated VDL ground stations, connected to CAA routers, to provide at least
ATS communications (ATSC);

 b) only ground stations operated by commercial services provider, to support  aeronautical
operational communication (AOC) and, if so required by the local CAA, even ATSC
through the service provider router, which may be located in a different State;

c) ground station providing both AOC and ATSC, simultaneously connected to an AOC
router (outside the State) and to a CAA router (within the country), in order to save
capital expenditure (especially at beginning of transition) and spectrum; and

d) CAA ground stations (for ATSC) and commercial service provider ground stations (for
AOC), operating within the same designated operational coverage.

7.2.7.3 Flexibility in implementation Flexibility in implementation 

7.2.7.4 AMCP/3 agreed in principle that the draft VDL SARPs must in no way restrict ability to
choose any of the scenarios mentioned in the above paragraph 7.2.7.2.

7.2.8 BroadcastBroadcast

7.2.8.1 AMCP/3 acknowledged the benefit of broadcasting information pertinent to all aircraft in a
given area, avoiding separate transmissions with the associated large protocol overhead.  The panel, therefore,
decided to include a broadcast subnetwork dependent convergence facility (B-SNDCF) in the future work
programme of WG-C.

7.2.9 DTE-DCEDTE-DCE

7.2.9.1 GeneralGeneral

7.2.9.1.1 The group concluded that no DCE as such will be necessary on board aircraft, to achieve the
VDL expected performance and functions.

7.2.9.1.2 Vice versa on the ground a pair of DCE's (“remote DCE”) will be necessary in the ground
station, in order to allow connection with multiple ground routers.

7.2.9.2 SICASP/5 deliberationsSICASP/5 deliberations

7.2.9.2.1 The VDL subnetwork architecture proposed by WG-C, fully complies with
Recommendation 3/2 from SICASP/5, in the opinion of AMCP/3.  Further co-ordination between ATNP and
AMCP would, however, be necessary to ensure consistency between the SNDCF defined by the ATN Manual
and the VDL subnetwork, as defined in the VDL draft SARPs, since both texts are still subject to evolution.
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7.2.10 Ground address administrationGround address administration

7.2.10.1 The VDL link layer address is a 24-bit field preceded by a 3-bit field indicating whether the
address is part of the addressing scheme of the ICAO Contracting State operating the station or the addressing
scheme administered by delegation from ICAO.   

7.2.10.2 WG-C defined a new parameter, to be broadcast in ground station information frames, which
contains the ICAO 4-letter location identifier of the airport closest to the ground station and can be used for
location purposes.

7.2.11 “Make-before-break” handoff“Make-before-break” handoff

7.2.11.1 RequirementRequirement

7.2.11.1.1 WG-C felt that the VDL Draft SARPs must ensure that whenever possible, connections
between aircraft and ground stations should occur in a “make-before-break” mode, i.e. establishing a connection
with the new ground station before the previous one is released.

7.2.11.2 Hand-offHand-off

7.2.11.2.1 The VDL Draft SARPs therefore, specify and allow the maintenance of the subnetwork layer
connection, while changing the ground station, if a link is still established on that frequency.  In addition, they
allow a ground station to be connected simultaneously to multiple ground routers, which may allow the
“make-before-break” mode, where required in certain States.

7.3 DDRAFT RAFT VDLVDL  SARPSARPSS

7.3.1 Material for this topic had been prepared by WG-C, as described under Agenda Item 8.

7.4 VDLVDL DESIGN GUIDELINES AND OPERATING CONCEPT DESIGN GUIDELINES AND OPERATING CONCEPT

7.4.1 The VDL design guidelines have been reviewed by WG-C.  Since the document is the
fundamental interface between the VDL Draft SARPs and other relevant documents (e.g. ADS operational
requirements, RTCA MASPS, ATN Manual, etc.), it was proposed to the meeting to approve the VDL Design
Guidelines, and decide to make explicit reference to them in the report dealing with the improvement in the use
of VHF aeronautical band, to be submitted to the forthcoming Special Communications/Operations
(COM/OPS) Divisional Meeting (1995).  The VDL design guidelines were discussed further under Agenda
Item 8.

7.4.2 VDL operating conceptVDL operating concept

7.4.2.1 The development of the VDL operating concept is still in progress within WG-C.  It will
therefore continue after AMCP/3.
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7.5 DDRAFT GUIDANCE MATERIALRAFT GUIDANCE MATERIAL

7.5.1 Material for this topic had been prepared by WG-C, as described under Agenda Item 8.

7.6 VVALIDATIONALIDATION

7.6.1 GeneralGeneral

7.6.1.1 To progress the task, WG-C had established a Validation Sub-Group.

7.6.2 Validation managementValidation management

7.6.2.1 WG-C concurred on the need to co-ordinate individual activities and to collate and review the
results, leading to the conclusion that it is necessary to consider both the method of examination of the VDL
draft SARPs and the method of management of the validation.  Part of this management strategy is the
designation of the EUROCONTROL Organization, to co-ordinate all the validation activities carried out in
various States.  The meeting concluded that the use of the validation management process of the VDL SARPs
as found in Appendix A to this agenda, be made.

7.6.3 Validation progressValidation progress

7.6.3.1 GeneralGeneral

7.6.3.1.1 The validation work for the VDL Draft SARPs has already started, on the basis of the
management strategy highlighted previously under the co-ordination of the Validation Sub-Group.

7.6.3.1.2 Progress achieved so far relates mainly to:

a) RF characteristics simulation;

b) validation of protocol logic, giving priority to the areas of the Draft SARPs  believed to
be more stable; and

c) validation of VDL performance.

7.6.3.1.3 In future flight trials are expected to take place.

7.6.3.1.4 Although work is still in progress, it may be said that the results achieved so far, lead to the
conclusion that, with a good level of confidence, the Aviation VHF Link Control (AVLC), the LME, and the
other tested parts, behaved as specified in the VDL Draft SARPs, providing the requested service.

7.6.3.1.5 AMCP/3 acknowledged the work carried out so far by a number of organizations (e.g. ARINC,
DLR, French DGAC, EUROCONTROL, MITRE and others).
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7.6.3.2 Validation of VDL performanceValidation of VDL performance

7.6.3.2.1 Further simulation work was aimed at a quantitative assessment of the VDL subnetwork
performance (when based on CSMA).  Results achieved so far were summarized in the VDL Design Guidelines
discussed under Agenda Item 8.

7.7 CCOMPARISON WITH OTHER DOCUMENTS EMERGINGOMPARISON WITH OTHER DOCUMENTS EMERGING

7.7.1 RTCA SC-172RTCA SC-172

7.7.1.1 A review of RTCA Special Committee 172 activity has been carried out at all WG-C meetings,
in order to ensure harmonization between the decisions of that SC and the evolving VDL Draft SARPs.

7.7.2 AEECAEEC

7.7.2.1 ARINC Specification 631 and Characteristics 750 are evolving within AEEC, also taking into
account the evolving VDL Draft SARPs.

7.7.3 Version 2 of the ATN ManualVersion 2 of the ATN Manual

7.7.3.1 The definition of the VDL subnetwork proposed by WG-C is fully compliant with Version 2
of the ATN Manual.  More work will be necessary in future, for the complete definition of the SNDCF.

7.8 IINTEROPERABILITY AND OVERNTEROPERABILITY AND OVER--ALL SYSTEM CONTROLALL SYSTEM CONTROL

7.8.1 Interoperability with other ATN subnetworksInteroperability with other ATN subnetworks

7.8.1.1 Although the VDL subnetwork is fully compliant with the ATN Manual, as detailed in the above
paragraph 7.7.3, the definition and validation of the internetwork layer of the ATN, through which the said
interoperability actually occurs, is in the domain of the ATNP.

7.8.2 Interoperability of various equipmentInteroperability of various equipment

7.8.2.1 Any piece of equipment compliant with the VDL Draft SARPs is expected to be interoperable
with other pieces in the subnetwork.  This topic is included in the validation effort, culminating in flight trials
using representative operational avionics of different brands, linked to ground stations as well of different
brands.

7.8.3 Over-all system controlOver-all system control

7.8.3.1 As stated in the above paragraph 7.2.7.2, the VDL Draft SARPs allow maximum freedom in
the choice of topology and institutional arrangements to any State administration, in order to allow it to ensure
the required degree of control over the ATS communication.  A degree of co-operation between States and
commercial service providers, where authorized is, however, necessary for the use of the spectrum.  Beyond
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this, the shared use of facilities may lead, if so desired and possible, to capital expenditure savings and optimum
use of the electromagnetic spectrum.

! ! ! ! ! ! ! !


